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marshes79. In Florida, mangrove forests have doubled their area at 
the northern end of their historical range due to reduced frequency 
of cold-weather extremes80. Both mangrove trees and salt marsh 
grasses are foundation species in their respective ecosystems and 
play an important role in structuring communities by providing 
habitat and altering nutrient cycling80. Because mangroves have 
greater aboveground biomass and, therefore, structural complexity 
than native salt marsh vegetation, their expansion has broad impli-
cations for coastal wetland ecosystems. The establishment of intro-
duced mangroves in sandflats has increased the concentration of 
fine sediments and organic matter, leading to a higher abundance 
and diversity of non-native macrofauna79.

The lack of defences of temperate species to tropical herbi-
vores81,82, general patterns of increased nutrient content with lati-
tude83 and increased disease due to increased herbivory84,85 might 
accelerate the tropicalization of these temperate wetland regions 
under future climate change. Previous research on the impacts of 
biological invasions on ecosystem properties and processes has 
shown that these impacts are highly context-dependent, as the 
magnitude and direction can vary both within and between types 
of impacts depending on taxa and ecosystems86. As with introduc-
tions, species that can alter the physical properties of the commu-
nity (for example, ecosystem engineers) are most likely to have 
ecosystem-level impacts.

Balancing conservation with risk
Conservation options for promoting persistence (and prevent-
ing extinction) of species threatened by climate change include 
increasing habitat connectivity between communities to facilitate 
species movement and actively moving species—that is, assisted 
migration11,12. In the context of assisted migration to facilitate  
climate change adaptation, conservation organizations, such as the 

International Union for the Conservation of Nature (IUCN)87, are 
already considering invasion risk. However, increasing habitat con-
nectivity to facilitate the movement of range-shifting species is gen-
erally considered an unmitigated good with little consideration of 
the full range of impacts on the recipient community.

Rather than placing a value on all species movements, we suggest 
using a risk–benefit analysis framework to assess potential impacts 
on a case-by-case basis. In some contexts, increasing habitat con-
nectivity might best be based on analyses of donor and recipient 
communities with a focus on providing connectivity for low risk, 
nearby natives (Fig. 1). While there are inherent value judgements 
in assigning worth to species, we suggest that management should 
generally (1) facilitate range shifts that promote ecosystem services 
and biodiversity88 and (2) discourage range shifts of species with the 
potential to negatively impact sensitive or rare species and com-
munities89. In some cases, the analyses will be straightforward. For 
example, when range-shifting species are both locally and region-
ally uncommon, they could pose little risk to recipient communities 
(Fig. 1) and would benefit from opportunities to shift their ranges. 
This is unlikely to be true for species that have large impacts on their 
donor communities. Keystone predators (species with a dispropor-
tionate impact relative to their abundance) and foundation species 
(species that facilitate diversity by providing habitat and modify-
ing their environment) might lead to management conundrums, as 
such species could pose great risk to recipient communities but also 
support the colonization of other range-shifting species with which 
they interact90.

Even range-shifting species with small impacts in their donor 
communities can have large impacts in recipient communities 
because of ecological surprises, such as novel interactions with spe-
cies in the community91. A single invasion can be devastating to a 
community92, and risk assessments are a useful and often-applied 
tool for identifying species of concern. Therefore, like others who 
warn about the potential dangers of assisted migration93, we pro-
pose that, before facilitating range shifts, the ecological, economic 
and societal impacts associated with these management actions  
be considered88.

There are many assessment tools to evaluate the potential 
impacts of introduced species94. Notably, the Environmental Impact 
Classification for Alien Taxa (EICAT) framework is a standardized, 
objective and transparent approach adopted by the IUCN in 2016 
that identifies the mechanisms through which introduced taxa can 
impact recipient communities73,87. Although this assessment was 
developed for introduced species, the mechanisms of impact out-
lined in EICAT apply to the interactions between range shifters and 
recipient communities as well. Identified mechanisms primarily fall 
into the biotic characteristics of the Catford et al.23 framework and 
consist of competition, herbivory and predation (including para-
sites and pathogens), hybridization, poisoning/toxicity, biofouling, 
ability to alter the ecosystem and interactions with other non-native 
species. These mechanisms are scored based on their magnitude of 
impact to the community, ranging from minimal (that is, negligible 
impacts, but no reductions in fitness for native species) to massive 
(that is, irreversible impacts through local, population or global 
extinctions; Fig. 3).

We suggest applying EICAT to rank and prioritize range-shifting 
species based on their potential impacts on recipient communities 
and to develop monitoring or control plans to limit those impacts. 
For example, communities receiving range-shifting species with 
the lowest potential to experience impacts (minimal and minor) 
are likely to benefit most from passive management actions, such 
as monitoring. Such range shifts could maintain or even increase 
community diversity and allow for persistence of populations  
under increasingly stressful environmental conditions. Although 
minor and moderate impacts lead to reductions of fitness in  
individuals or declines in population abundances, respectively, the  

Fig. 2 | Range shifters can impact recipient communities. For example, as 
white-tailed deer expand their range (yellow) northward (arrows pointing 
upwards) in response to climate change, moose at the southern edge of 
their range (green) are experiencing greater rates of parasitism and are 
projected to undergo population declines66. In contrast, moose populations 
at the northern range edge are increasing and replacing caribou67 (blue). 
Smaller icons indicate range contractions. Ranges based on IUCN Red List 
of Threatened Species 2016 (refs. 112–114).
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recipient community structure and functioning are preserved. 
Future communities might not be analogous to existing recipient 
communities, but shifts are likely to have a net positive impact on 
global biodiversity.

Species with major or massive impacts, however, might need to 
be actively managed through facilitating or restricting movement, 
as their impacts could alter community structure and composition 
and cause local extinctions in the recipient community. While such 
changes, by definition within the EICAT framework, are revers-
ible for species with major impacts, those with massive impacts 
are likely to cause irreversible changes as the community passes a 
threshold from which it can no longer recover. In the cases of spe-
cies with major or massive impacts, serious consideration should 
be given to whether the benefits of promoting the persistence of 
the range-shifting species or populations justify the impacts on the 
recipient communities. Based on approaches traditionally used to 
manage invasive species, we suggest the following specific strategies 
for range shifters:

•	 Involve stakeholders early: work closely with natural resource 
managers, conservation practitioners and decision-makers at 
every step of the process, including to identify priority ecologi-
cal and cultural species95,96 and important ecological services5 
associated with both range shifters and recipient communities.

•	 Identify management priorities for range-shifting species 
and recipient communities: what is the conservation status of 
the species? How important is the range shift for its persistence? 
How unique is the recipient ecosystem? How important are its 

constituent species and associated services for stakeholders? 
Supporting range shifts for species of conservation concern will 
remain a key climate change adaptation tactic for conservation 
practitioners and natural resource managers.

•	 Incorporate species distribution model forecasts: use the best 
available data and models to anticipate the movement of range 
shifters and identify high priority conservation areas, hotspots 
of biodiversity97 and hotspots of high impacts98,99. Additionally, 
triaging which species are most likely to persist under projected 
climatic conditions can inform where resources can be most 
effectively allocated. Regularly revise management proposals to 
incorporate updates to these forecasts.

•	 Use tools to assess invasion risk: consider the parallels between 
traits common in successful introduced invasives22 (Fig. 1) and 
their potential impacts (EICAT73) to identify high- and low-risk 
range-shifting species.

•	 Monitor changes in recipient communities: monitor for shifts 
in abundance of target species and the arrival of new species, 
especially following disturbance and extreme climatic events24.

Challenges and potential limitations
Important knowledge gaps related to range-shifting species must 
be addressed to better understand the impacts that these species 
might have while also promoting persistence of species as their 
climate zones move. While range shifts have been documented 
for hundreds of species across taxa and ecosystems3–5, they can 
be difficult to detect, as the historical ranges for many species are 
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Fig. 3 | As climate change alters environmental conditions, range shifts can lead to new species interactions and changes to community structures 
depending on the magnitude of associated impacts. For example, as individuals from a nearby donor community (blue birds in grey circle) shift into a 
novel recipient community (green and black birds in black circle) in response to climate change, they might have minimal or minor impacts (few blue 
birds in a community of primarily green and black birds) up to major or massive impacts where the shifting species predominates. This range of impacts 
can be seen in the examples discussed here, including cases of southern flying squirrels displacing northern flying squirrels (moderate due to effects on 
populations) to tropicalization (massive, irreversible shifts in ecosystems). Photographs courtesy of Alexej Sirén and the U.S. National Park Service.
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unknown or imprecise and our understanding of a ‘native range’ 
is not well-defined100. This is especially true for systems that are 
not as well-studied, such as deep-water marine systems that are 
difficult to access, and incorporating different spatial or tempo-
ral scales could further alter our definition of what constitutes a 
range-shifting species.

The impacts of range shifters, which might accrue more slowly 
than impacts of introduced species, have received less attention 
than invasion impacts; thus, our ability to predict future outcomes 
is limited. Range-shifting species could potentially undergo hybrid-
ization, experience toxicity, or evolve or adapt; an increased under-
standing of potential interactions in new environments is needed 
to evaluate these possible outcomes. Additionally, effects may differ 
across scales. Addressing these knowledge gaps will require working 
across broad stakeholder groups to leverage and continue existing 
monitoring programs and incorporate diverse resources, such as 
local and traditional ecological knowledge101.

Predicting potential shifts is further complicated by our limited 
understanding of the abiotic and biotic limits to species’ ranges. 
Predicting which species are likely to undergo shifts requires a 
knowledge of organismal physiology and thermal limits and how 
these contribute to ability to disperse as well as to adapt in place. 
Additionally, while temperature is a primary driver of distribu-
tion patterns102,103, biotic resistance also plays a critical role49. Yet 
biotic interactions are, themselves, often altered by abiotic con-
ditions16,104. Traits can act synergistically (for example, a drought 
causes reduced propagules), creating feedbacks that alter the mag-
nitude of impacts. To detect species interactions and community 
impacts, manipulative in  situ experiments are likely a necessary 
and important focus for climate change researchers. However, 
these experiments can be time-consuming or expensive, and a 
lack of experimental studies does not preclude using general risk 
assessment frameworks (Fig. 1) and knowledge from invasion 
biology to inform decision making. Additionally, risk assessments 
that are continually updated as new empirical data accrue can be 
used by practitioners, providing an accessible resource for those 
making management decisions.

Finally, we must acknowledge that anthropogenic climate change 
has led to unprecedented disruptions to global environments at a 
level rarely experienced before the Anthropocene105,106. Many spe-
cies’ ranges have already been dramatically altered by human 
impacts, which raises questions about how to classify species that 
expand into their historical habitat following extirpation and which 
incarnation of a community should be protected107,108. The rapid rate 
of anthropogenic climate change is likely to outpace species’ ability 
to adapt. Range shifts, therefore, have been viewed as an alternative 
means to promoting global biodiversity. Yet, the potential feedbacks 
and consequences need to be considered as conservation goals may 
conflict with one another depending on the individual case. For 
example, mangroves and salt marshes provide similar ecosystem 
services. However, salt marsh systems have experienced significant 
area loss109, and range-shifting mangroves could further impact 
these vulnerable communities, highlighting the important of hav-
ing clear objectives for management actions. At the same time, as 
range shifters are altering recipient communities, those communi-
ties themselves are responding to climate change; disentangling the 
causes and effects of these drivers will be a continuing challenge.

Conclusions
Although the impacts of range-shifting species can vary from minor 
to massive, considerations of species movements in the context of 
climate change has almost entirely focused on positive impacts7,28,86. 
As species shift to track a changing climate, we have a unique 
opportunity to facilitate advantageous, and discourage potentially 
problematic, movement of species in real time. However, both 
researchers and managers will likely need to adopt a more fluid 

and dynamic view of what constitutes a community, as differences 
in species’ responses could result in communities with no current 
analogue110. Communities are unlikely to shift as a whole, and par-
tial shifts will disrupt species interactions and lead to trophic mis-
matches111. Rather than developing new strategies to evaluate the 
potential impacts of range-shifting species, we suggest leveraging 
invasion ecology theory and risk assessment tools (for example, 
EICAT) to quantify the magnitude of the potential impacts of range 
shifters and define specific conservation goals in response. This will 
allow us to maintain biodiversity and ecosystem functioning most 
effectively despite a rapidly changing climate.
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